THE OBJECTS OF THE RESEARCH IN the present research an effort has been made to find a chemical germicide suitable for sterilizing the mechanically sound carious dentine of a vital tooth. If such a germicide exists, it would be possible to treat carious dentine by excising the mechanically unsound tissue and sterilizing the mechanically sound tissue. As a result, natural calcific barriers between infected tissues and the pulp would not be removed, thus lessening the pain of cavity preparation and the pulpal irritation due to mechanical and thermal stimuli caused by the cutting of the cavity. In addition, fresh dentinal tubules along which chemical irritants from unsuitable cavity linings and cements could subsequently diffuse would not be opened over the floor of the cavity.
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A suitable germicide would have to be penetrating and non-toxic to the pulp even if applied to vital dentine. The object of the research was therefore: (1) To find the most successful agents for sterilizing carious dentine, not only on the cavity surface but throughout its depth. (2) To ascertain whether the more successful agents have any deleterious action on the pulp when applied to carious tissue or to sound vital dentine.
SOME PRELIMINARY INVESTIGATIONS PRIOR TO EVOLVING A STANDARDIZED TECHNIQUE
Some preliminary investigations before the commencement of the research on the main bacteriological problems showed that:
(1) The grinding of a surface through sound enamel or dentine with a large stone revolving at high speeds sterilized that surface owing to the heat generated by the cutting. Care must be taken to avoid carrying infected material from unsterilized parts of the tooth by allowing the stone to wobble during the grinding.
If such surfaces were ground continuously for periods longer than one or two seconds, caries under the cut surface might also be sterilized by the heat generated.
(2) A round rose-head burr, size 1, revolving at high speeds would sterilize the harder types of clinically carious dentine in an appreciable proportion of cases. A similar burr revolving very slowly in a reducing handpiece did not sterilize carious dentine.
(3) Carious dentine would invariably contain viable bacteria at the end of a twenty-four hour period if the freshly extracted teeth were placed in a moist chamber at blood heat. At room temperature, living bacteria would be found in the caries of teeth similarly treated in 70 % of cases.
THE STANDARDIZED TECHNIQUE USED IN THE BACTERIOLOGICAL INVESTIGATION
Based on a knowledge of these facts, a standardized technique was evolved for the bacteriological investigations on the effect of various bactericidal agents applied to carious cavities. The conditions under which each experiment was performed were rigidly controlled.
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(1) As soon as was conveniently possible after extraction, the tooth to be treated was washed in a jet of warm water at approximately blood heat. If the period before the examination was unduly long (e.g. an hour) the tooth was kept in an incubator but in no case was the period allowed to exceed three hours.
(2) The cavity was dried with cotton-wool, thus removing surface debris.
(3) The germicide was applied for a period of two minutes and then washed away with a further jet of warm water.
(a) In the case of zinc oxide and oil of cloves dressings, the dressing was applied for a period of approximately three hours before being removed. In most cavities, some carious tissue had to be removed to provide retention for the zinc oxide and oil of cloves dressing.
(With no other germicide was any carious dentine removed at any stage.) (b) In the case of copal ether varnish, the varnish was allowed to remain in situ until the investigation was completed, normally a period of two and a half to three hours.
(4) In approximately half the experiments with each germicide the bacterial cultures were inoculated in a period from ten minutes to thirty minutes after the application of the germicide. These were called early tests. In the remaining experiments with each germicide, the bacterial cultures were inoculated in a period of from two and a half to three hours after the application of the germicide. These were called late tests. In the period subsequent to the application of the germicidal agent, the teeth were placed in an incubator.
The cultures were obtained as follows:
(1) The tooth was again washed under warm water, leaving the cavity moist. A surface was ground through the sound enamel and dentine with a large stone on a fast rotating lathe or dental engine. The tooth was applied intermittently to the stone for short periods of about one second. A surface was thus cut down to the sound dentine. Then, without contaminating the sterilized surface, a few grindings were taken from this surface with a sterilized No. 1 size rose-head burr in a slowly rotating handpiece and inoculated into glucose broth. This acted as a control for the sterilization of the cut surface.
(2) With the same burr a cavity was cut from the sterilized surface nearly through to the surface of the carious dentine, taking care to avoid the pulp cavity. The reducing handpiece was used as before and great care had to be taken in the later stages to avoid penetrating through the last layers of caries and thus reaching the surface. The grindings were inoculated into tubes of glucose broth and of 1 % Qelatine broth.
(3) The broths were incubated for periods of up to one week. Subculturing and microscopic examinations were performed as necessary to decide the types of organisms found.
The examination of the bacterial cultures was performed in the earlier periods of the research by Dr. J. Abbiss of Dalhousie University, Canada, who was then in the Bacteriological Department of the University of Birmingham, and in the later periods by his successor, Mr. F. W. Moore. The entire credit for the method of culturing the organisms and the examination of the cultures is due to them. The selection of glucose broth and 1% gelatine broth as the standard media was made by Mr. Moore.
THE BACTERICIDAL INDEX
In the course of these investigations over 1,000 tests were performed, involving the taking of over 3,000 bacterial cultures.
Three cultures were obtained for each test: Culture A in glucose broth from the sterilized surface. Culture B in glucose broth from the treated caries. Culture C in I % gelatine broth from the treated caries. A positive result in Culture A from any experiment, of course, denoted an error in technique and therefore the test was discarded.
There is no justification for assuming in all experiments where both B and C cultures were negative that the whole cavity or even that the tract of dentine penetrated by the burr was free from living organisms because some bacteria may not have found the standard media suitable for their growth. However, a comparison of the results of a series of experiments with one germicidal agent against the results of a series with another agent enables the germicidal efficiency for carious dentine of these agents to be compared. An index of bactericidal efficiency for each agent was obtained by comparing as a percentage the number of experiments with negative cultures (i.e. both B and C cultures being negative) with the total number of experiments performed with that agent.
As this bacteriological section of the present research is assessed statistically, it suffers from all the disadvantages inherent in a statistical approach to any biological problem. When worked out mathematically the variations in indices which can reasonably be accounted for by chance are often found to be unexpectedly large. Therefore small differences in the indices of germicidal agents cannot be regarded of significance, especially if few experiments have been performed to obtain the data for working out the germicidal index. 15% *This solution was bought in the form of a prepared solution. It was therefore not fresh. With the exception of the ammoniacal silver nitrate, all the other solutions were freshly prepared before use. tMercuric nitrate solution is not highly ionized.
+ §These experiments were not performed under the same conditions as the other agents as: +(1) The dressing was left in situ until the time of the bacteriological investigation. (2) A small quantity of caries was removed for retention purposes. (3) Only late tests were performed. §(1) The varnish was left in situ until the time of the bacteriological investigation. (2) Only late tests were performed.
THE EFFECT OF THE DURATION OF APPLICATION OF THE GERMICIDE ON THE
BACTERICIDAL INDEX 27 % aqueous silver nitrate was applied to the teeth for periods of one minute, four minutes, or twenty-five minutes, in a series of 51 tests. The variations in the indices were so slight that they cannot be regarded of significance.
A COMPARISON OF EARLY AND LATE RESULTS
For each germicide, about half the cultures were inoculated within ten to twenty minutes and half within two and a half to three hours of the application of the germicide to the caries. As only 10 to 15 tests were carried out in each group, only those showing a very marked percentage difference could be regarded as being significant.
With the following agents this difference is of possible,significance. 
78% 9%
It will be noted that ammoniacal silver nitrate, zinc iodide and penicillin, all of which are liable to be broken down rapidly in carious tissue, show as would be expected, higher indices in the early tests.
A COMPARISON OF THE GERMICIDAL INDICES OF AQUEOUS SOLUTIONS OF THE NITRATES OF SILVER, COPPER AND ZINC
Aqueous solutions were prepared so as to contain equal numbers of silver, copper and zinc ions and of nitrate ions, assuming all the salts were fully ionized. Compared with zinc and cupric nitrate solutions, the deficiency of nitrate ions in silver nitrate solutions was made up by the addition of sodium nitrate. Sodium ions are unlikely to have a highly germicidal action. To allow for any slowness of penetration, the solutions were applied for a standard time of four minutes instead of two. 
43%
The silver solution is seen to be more effective than either the cupric or zinc solutions. The variations between the indices for the cupric and zinc salts are not sufficient to be regarded as significant.
DISCUSSION
An examination of the bactericidal indices of the 30 solutions investigated shows that, on the whole, the soluble salts of the heavy metals have the greatest bactericidal action.
If we consider only those soluble salts of heavy metals which are highly ionized in aqueous solution we find that, the more concentrated the solution of the salts, the higher are the germicidal indices. On the whole, the observed bactericidal indices are explained by this order of toxicity. However, silver fluoride should still have had a more highly germicidal action for both silver and fluoride radicles are highly bactericidal and silver fluoride is very soluble. This may be explained if we consider the composition of dentine. In the process of decalcification such as occurs in caries, there are present in carious dentine a few calcium and phosphate ions. On the application of silver fluoride, the fluoride will be decomposed with the formation of the practically insoluble calcium fluoride and silver phosphate. This will immediately reduce the bactericidal action of the silver fluoride by:
(1) Withdrawing the highly bactericidal fluoride ions.
(2) Forming an insoluble precipitate on the surface which will impede further rapid penetration of other ions.
A similar reaction resulting in the formation7of precipitates when the germicide is applied to carious dentine is probably occurring with copper sulphate and aqueous silver nitrate. Some experiments were performed to see if this were possible:
Immediately after extraction, some teeth were immersed in a 5 % sodium chloride solution at blood heat for half an hour. Subsequently the carious cavities were dried and either ammoniacal silver nitrate or concentrated aqueous silver nitrate was applied. The bactericidal index was assessed in the usual way. This shows that the presence of the chloride ions has markedly reduced the germicidal action of the aqueous silver nitrate. The germicidal efficiency of the ammoniacal solution, however, actually appears to have been enhanced but this may be accounted for by the toxic action of the hypertonic saline solution in which they were previously inmnersed for thirty minutes.
This phenomenon may be explained as follows: Silver chloride (solubility 0-00015 gramme per 100 c.c.) and silver phosphate (solubility 0 002 gramme per 100 c.c.) are nearly insoluble in water. Both are more soluble in ammonia. If the ammoniacal silver nitrate is applied to carious dentine, any great reduction in the germicidal action due to the presence of chloride or phosphate ions will therefore largely be avoided. When the concentration of the chloride ions was markedly increased in these experiments, the differences between the actions of the aqueous and ammoniacal solutions became apparent.
Consideration of these results has enabled us to suggest certain of the properties which it is desirable that any salt, which is highly ionized in aqueous solution, should have in order to be an effective germicide of carious dentine. It is not suggested that these represent the only properties necessary.
(1) Its basic radicle should be highly bactericidal.
(2) Its acidic radicle should also be highly bactericidal.
(3) The salt should have a high solubility in water.
(4) The acidic radicle should not react with the calcium salts present in carious dentine to form an insoluble salt.
(5) Similarly, the basic radicle should not react with the phosphates present in carious dentine to form an insoluble salt.
(6) If a self-limiting action following its application to freshly opened dentinal tubules is desired, the chloride of the basic radicle should be insoluble in order that it may be precipitated by the tissue fluid chlorides.
(7) If the salt is easily reduced, it will act more quickly as a germicide and at the same time will be precipitated rapidly by the tissue fluid proteins, making it more self-limiting in its action on vital dentine.
Silver nitrate fulfils nearly all these conditions and therefore its clinical use for sterilizing carious dentine is justified.
IUnfortunately silver salts tend to stain the tooth substance markedly. Copper and mercury do so also to a lesser degree. Zinc salts, however, do not. Zinc iodide and chloride are moderately successful germicides but it should be noted that:
(1) They are both liable to be more irritating to the pulpal tissue because zinc chloride is not precipitated by the tissue fluid chlorides.
(2) Zinc iodide is a very unstable salt and should be used freshly and kept free from moisture.
With regard to the remaining germicides investigated, the more complex chemical compounds have relatively low bactericidal indices. This is at variance with the findings of Seltzer (1942) who found that the chlorphenolates and metaphen were good germicides for sound dentine.
Hydrogen peroxide is not effective because it is decomposed by the surface debris of the carious cavities. This is readily shown by the vigorous frothing following its application to the caries. Zinc oxyphosphate cement liquid is shown to have an appreciable germicidal effect which may be of clinical importance, especially if the mix of the cement is thin. This effect can be explained satisfactorily owing to the high hydrogen-ion concentration and the toxicity of the phosphate ions. This toxicity is unlikely to be specific to bacteria and therefore, as one would expect, it will be irritating to the pulp if it should come into contact with it.
The bactericidal index of copal ether varnish is surprisingly high but it should be noted that the varnish was allowed to remain in situ for two and a half to three hours.
The relatively high germicidal index of zinc oxide and oil of cloves may be explained by:
(1) A small quantity of caries having been removed for retention purposes.
(2) It was allowed to remain in situ for two and a half to three hours. Alcohol, ether, and phenol have little value in sterilizing carious dentine. TBE HISTOLOGICAL RESEARCH The second phase of the present research was entirely histological and was undertaken to elucidate two problems.
(1) To demonstrate the possible effects on the pulp of the more successful germicidal agents applied to carious dentine.
(2) To show the depth of penetration of the germicidal agents into the carious tissue. Attention has been mainly concentrated on the use of silver nitrate as the germicidal agent, first because it is the most effective germicide which has been investigated, and secondly because the silver can be demonstrated so easily in the tissues.
It is well known that the bactericidal and toxic action of silver preparations varies considerably. Thus Pilcher and Sollmann (1924) state that the inhibiting concentrations for growth of yeasts of aqueous solutions of various silver preparations is as follows: Silver nitrate 1: 40,000
Protargol 1: 5,000 -1: 3,000
Colloidal silver iodide 1 :10
Completely insoluble precipitates will have even less bactericidal and toxic action. Silver as seen in histological preparations will not necessarily be in the same condition as it existed in the tissues before the preparation of the slides, because reduction of the silver may have taken place during the fixation of the tissue by formalin or even by exposure to light. Insoluble and therefore relatively non-toxic precipitates will be easily visible under the microscope but if a 1 :10,000 silver nitrate solution could be maintained in ionic form it would be lethal to bacteria but not readily visible microscopically. One is, however, justified in assuming that completely isolated granules of silver precipitates will not possess any great toxic or bactericidal action. On the other hand, diffuse staining of the tissues will probably denote that at some time prior to reduction the silver existed in such a form as to be toxic to the tissues and bacteria in that area. Further evidence for these statements will be given later.
THE INTERPRETATION OF THE PHOTOMICROGRAPHS The photomicrographs which illustrate this paper have been selected from fields in over 500 histological slides prepared from teeth treated experimentally with silver nitrate and other germicides. In the original slides the silver precipitates could be distinguished from the basic staining with himatoxylin-eosin, Gram's, Van Gieson's or similar stains. In black and white photomicrographs the distinction is not so evident and so an effort has been made to indicate the less obvious silver precipitates. 32 820 t3 sSeciolon of Odontology 821 lHE EiFFECTI 01 iHIi A iPI_IWATION 0F SILVER NiITRATIE1 1 '(X)PSID) VIIAI, DNrlINE Cavities were prepared in about a dozen sounid teetlh with a slow-rotating handpiece and ammoniacal or aqueous silver nitrate was applied to the exposed dentine for two minutes. In the case of the ammoniacal solutions, the silver nitrate was reduced with eugenol. The cavities were dressed with zinc oxide and oil of cloves and the teeth extracted at periods from fifteen minutes to fifteen days later. Microscopic examinations of these teeth shows that: (I) The silver is, in the majority of cases, strictly limited to the dentinal tubules opened by the cutting of the cavity (figs. 1 and 2). (1) Extension of area of silver staining towards the amelo-dentinal junction. (2) The denseness of the precipitate at the periphery of the stained area.
OCT. ODONT. 2 , \ Ss (2) If any tubules are opened to the pulpal side of the amelo-dentinal junction, the silver will track not only pulpally but also in the majority of cases to a nearly equal extent towards the amelo-dentinal junction (fig. 2) .
(3) In those cases in which the silver has been satisfactorily applied, the silver is seen to have penetrated very close to the pulpal surface (figs. 1 and 2), but only in rare cases is there any evidence of the silver having been carried actually into the pulp (fig. 3) .
(4) The silver is seen to exist: (a) As large, discrete granules ( fig. 4) (c) As dense dentinal tubule blockages which appear to outline the dentinal fibril for about 5-l0,a. These occur usually towards the pulpal surface near the periphery of the area of penetration ( fig. 5 ) but what are probably analogous precipitates are seen in the most laterally opened dentinal tubules ( fig. 6 ). Proceediuy8s of the Royal Society of Medicine (5) Wherever there is evidence of a thorough impregnation with silver nitrate, the silver is seen to penetrate the finest tissue fluid channels, including the lateral branches of the dentinal tubules ( fig. 7) . Close examination of these slides under an oil immersion lens, with fine focusing up and down, shows an appearance extremely suggestive of lateral branches of dentinal fibrils lying within lateral branches of the dentinal tubules ( fig. 8 ). The fibrils have probably become shrunken owing to their treatment. Large molecules of methylene-blue and particles of indian ink do not readily penetrate into the lateral branches of the dentinal tubules. It is possible that the complex chemical germicides also do not penetrate into fine spaces to any marked extent and that this may account for their comparative lack of success in sterilizing carious dentine. Silver nitrate solutions applied to vital dentine will quickly diffuse into that space, containing tissue fluid, lying between the dentinal fibril and the tubule wall. This tissue fluid will have a composition approximately similar to that of tissue fluid elsewhere in the body and will contain chlorides, phosphates and proteins. The silver will quickly react with all these three forming insoluble precipitates. If there is sufficient silver, these particles of silver compounds will grow in size as they are carried along the dentinal tubules, rather like a snowball rolled over snow-covered ground. Ultimately they will become so large that they will impact within the tubules. At the same time, owing to the precipitation of the chlorides, phosphates and proteins in the more peripheral parts of the dentinal tubules, diffusion and osmotic currents will cause further chlorides, phosphates and proteins to flood out peripherally from the tissue fluid spaces of the pulp. These will react with any unprecipitated silver diffusing pulpally, producing still further precipitates in the vicinity of the tubular "blockage". Similar blockages will occur in other areas near the periphery of the area of silver penetration. Thus the silver eventually becomes effectively isolated in that leash of dentinal tubules which have been opened by the cutting of the cavity. Before the blockage becomes complete, silver in a highly toxic form may have diffused into the pulp, thus producing a severe reaction ( fig. 9 ). fn those cases in which relatively small concentrations of silver track into the dentinal tubules, the whole of the silver will be precipitated nearly instantaneously by the tissue fluid chlorides, phosphates and proteins. Coarse granules of silver will be formed but as there is no excess of silver in the tubules, will not grow beyond a certain stage. Impaction of the granules will not occur and therefore they will be free to be carried by diffusion currents and possibly by tissue fluid flow down to and at times actually into the pulp. This precipitated silver cannot be expected to have any marked toxic action on protoplasm whether in the form of the cells of the pulp or of bacteria. We find that such isolated granules of silver produce little inflammatory reaction in the pulpal tissue ( fig. 3) .
Sections of teeth fixed in formalin within fifteen minutes of the application of the silver nitrate to the vital dentine show the silver nitrate may already have penetrated nearly to the pulpal surface of the dentine (fig. 10) .
Consideration of the histological appearances of teeth treated by the application of silver nitrate to exposed vital dentine has shown that:
(I) Silver nitrate solutions are able to penetrate rapidly through nion-carious dentifne to considerable depths but seldom enter the pulp.
Proceedings of the Royal Soctety of Medictne

38
(2) The silver precipitates seen in these sections may represent silver that was originally highly toxic and bactericidal or silver that was relatively non-toxic. The more toxic forms are indicated by a diffuse staining of the tissues; the relatively non-toxic forms by large, discrete granules.
(3) In cases of thorough impregnation by silver, the silver is able to penetrate into very narrow tissue fluid channels such as the lateral communications of the dentinal tubules. 
GERMICIDES TO THE VITAL DENTINE
In teeth treated by the application of silver nitrate to exposed vital dentine, the pulpal reactions vary from complete disorganization of the odontoblast layer, round-cell infiltration and pulpal hmemorrhages to reactions so slight as to be classed as normal. With both aqueous and ammoniacal solutions, the silver may penetrate nearly down to the pulp. However, in no teeth treated with aqueous solutions has any evidence of thorough impregnation been seen as shown by fine diffuse staining of the dentine; the pulpal reactions of such teeth are correspondingly slight.
,In comparison with the pulpal reactions under cavities treated with other germicidal agents, including the zinc chloride, the reactions with both -the ammoniacal and aqueous silver nitrate are usually slight. It is, however, unwise to be too dogmatic because in. the case of these other germicides there is no way of assessing their degree of penetration as no visible precipitates are produced.
THE EFFECT OF THE APPLICATION OF SILVER NITRATE TO CARIOUS CAVITIES
Microscopical examination of carious cavities which have been treated with silver nitrate enables the following zones of silver staining to be distinguished ( fig. 11 ).
(1) A dense black superficial zone of staining in which all structural detail is lost owing to the denseness of the stain. This zone varies in thickness up to 1 mm. in depth.
(2) An intermediate zone of brown staining where all structural detail has not been lost. It is difficult to be certain how much of this brown staining is due to the carious process and how much is due to the silver.
(3) A deep zone containing coarse granules of silver. This extends in some cases to the depth of 2 mm. from the surface of the cavity. fn some cases they may represent silverstained bacteria. On the whole the granules become larger the deeper they are in the tissues. (This corresponds to the picture found in non-carious dentine.) Beyond that level relatively fine granules are often seen in the dentinal tubules and are thought to represent silverstained bacteria.
THE HISTOLOGICAL EVIDENCE REGARDING THE DEPTH OF PENETRATION OF SILVER NITRATE
FOLLOWING ITS APPLICATION TO CARIOUs TISSUES Owing to the ease with which silver precipitates may be demonstrated in histological preparations, there is no difficulty in assessing the depth of penetration of silver nitrate or its breakdown products. The depth of the carious tissue may also be assessed with reasonable accuracy by the usual appearances such as liquefaction foci, typically stained bacteria, &c. In sections stained with such stains as Gram's, the presence of typically stained bacteria is positive evidence that the tissue was infected. It is also highly probable that such bacteria had not been killed by the application of the silver nitrate as they would have become silver-stained, thus masking the less intense strain. One is therefore justified in assuming that such cavities had not been sterilized by the silver nitrate.
In several of the carious teeth treated with silver nitrate before decalcification an in-E. teresting appearance has been observed which is thought to represent an early sign of acidogenic and proteolytic attack (fig. 12 ). It may arise purely from physical causes or be due to a Liesegang phenomenon. Alternatively it may be caused as follows: As the dentine is attacked by the acids and the organic matrix digested by the proteolytic enzymes, the process does not occur to an equal extent along the length of the tubules but is greater at regular intervals of about 4 microns. Such decalcified and partially digested tissue will take the silver staining. The first signs of carious attack are therefore shown as annular striations around the walls of the tubules and even of their lateral communications. This appearance is well seen in oblique sections. As more of the matrix is attacked, the striations around the walls of the neighbouring tubules coalesce producing linear markings through the intervening matrix.
Judging the depth of the caries by these microscopical appearances it may be stated that the histological evidence shows that silver nitrate applied to the carious surface will not penetrate through the complete depth of all cavities. It often penetrates to depths of 2 mm., and in all sections examined penetrated at least 1 mm. in depth. It cannot, however, be assumed that all tissue to which the silver has penetrated has been sterilized because much of the silver in the deeper zones exists in the form of discrete granules which, it has been shown, has little bactericidal or toxic action. On the other hand, it can also be stated that barriers preventing the penetration of the silver through the carious tissue seldom exist and there would appear to be no reason why silver nitrate should not sterilize the more shallow cavities completely.
A NOFE ON OTHER PRACTICAL APPLICATIONS OF THlE PRESEN1 RESEARCH Many of the principles which effect the depth of penetration and the toxicity to the pulpal tissues of germicidel agents should be equally applicable to any dressing applied to exposed vital dentine. This is especially true in the case of cavity linings such as dental cements.
Thus it seems probable that the irritant properties of many cement linings will be found to be due not only to their hydrogen-ion concentration but also to a lesser degree to other radicles in the composition of the cement. It might also be possible to manufacture I,:
FIG. 12. Occlusal cavity upper molar. Treatment: Ammoniacal silver nitrate and eugenol ninety minutes before extraction. Preparation of slide: Decalcified section. Heematoxylin-eosin staining. x 610. The section has been cut slightly obliquely and lies in an area of secondary dentine. cements which would be less irritant to the pulp owing to being naturally self-limiting in their action in a similar way to silver nitrate which is readily precipitated in a relatively nontoxic form by the tissue fluids. SUMMARY A bacteriological investigation into the efficiency of over thirty agents as bactericides for carious dentine has been carried out. It has been shown that the soluble salts of the heavy metals, as a group, are most successful in the sterilization of carious dentine. Of these, silver nitrate, either in the anmmoniacal or the concentrated aqueous form, is the most effective. The soluble zinc salts such as zinc iodide and zinc chloride are not as efficient for sterilizing dentine but will not stain the tooth substance.
Examination of histological sections of teeth in which cavities were prepared and which were treated with various bactericides shows that silver nitrate applied to exposed vital dentine produces a remarkably slight reaction in the pulpal tissues. This is due to the precipitation of the silver nitrate in a less toxic form by the tissue fluid chlorides, phosphates and proteins within the dentinal tubules. The precipitation results in diffusion currents carrying still further chlorides, phosphates and proteins into the affected dentinal tubules from the tissue fluid spaces of the pulp. In the majority of cases the silver nitrate is, therefore, unable to exert its toxic effect on the cells of the pulp as it is precipitated in insoluble and less toxic forms before it is able to reach them. These insoluble precipitates may be carried down the tissue fluid spaces of the pulp and peripherally into other dentinal tubules without causing gross damage to the cells with which they come into contact. wn cases of successful applications of the ammoniacal silver nitrate to exposed vital dentine, it is seen to penetrate the tissue fluid channels of the dentine, including the lateral communications of the dentinal tubules. Applied to carious dentine, the superficial layers of the caries become thoroughly impregnated with the silver salts; the deeper layers may also be seen to contain silver particles which, however, are thought to represent silver in a less toxic and bactericidal form.
